Abstract. Many studies have demonstrated that miRNAs have influence on tumorigenesis and progression of human cancers, including invasion and migration. Thus, the role of miR-205/ZEB1 axis for the migration and invasion of prostate cancer cells was explored in the present study. The miR-205-5p and zinc finger E-box binding homeobox 1 (ZEB1) mRNA expression levels were observed in prostate cancer tissues or cell lines via reverse transcription-quantitative PCR (RT-qPCR), and the protein level of ZEB1 was measured by western blotting. Dual-Luciferase Reporter Assay was used to verify the relationship between miR-205-5p and ZEB1. In addition, cell migration and invasion was measured by Transwell assay. The results revealed that, compared with the control, downregulation of miR-205-5p was detected in prostate cancer tissues and cell lines, and miR-205-5p overexpression was found to inhibit cell migration and invasion. Moreover, miR-205-5p was confirmed to directly target ZEB1 in prostate cancer. Importantly, ZEB1 was identified to weaken the inhibitory effect of miR-205-5p in prostate cancer. In conclusion, miR-205-5p inhibited cell migration and invasion in prostatic carcinoma by targeting ZEB1 and miR-205-5p/ZEB1 axis shows potential to be developed in therapeutic strategies for prostate cancer.
Introduction
Prostate cancer is one of the most common male malignancies, with a mortality rate of about 300,000 people every year worldwide (1) . Although advanced therapeutic techniques are widely used for patients with prostate cancer, local recurrence frequently occurs after treatment. Moreover, dysregulation of oncogene or tumor suppressor factors has been demonstrated to be closely associated with the development and progression of human cancers (2) . Therefore, it is necessary to better understand the molecular mechanism of prostate cancer which may facilitate the development of new therapeutic techniques for human cancers.
Recently, microRNAs were reported to repress the expression of corresponding genes through binding with their 3'-UTR of mRNA which led to mRNA degradation or inhibition of protein translation (3) . Through regulating the expression of target genes, miRNA plays an important role in various cell biological activities, including cell survival, proliferation, differentiation, and apoptosis (4) . Moreover, many miRNAs have been reported to associate with the occurrence and development of human cancers including prostate cancer (5) (6) (7) (8) . For example, miR-199a-3p was found to suppress prostate cancer cell proliferation and invasion by targeting SMAD1 (9) while miR-483-5p promoted them by targeting RBM5 (10) . Especially, as a tumor suppressor, miR-205 has been identified in many human cancers. For instance, miR-205 suppressed proliferation and invasion by targeting IGF1R in human cervical cancer (11) . miR-205 acted as a biological marker in non-small cell lung cancer (12) . More importantly, miR-205 was demonstrated to be downregulated and regulating Bcl2 expression in prostate cancer (13) . However, the special role of miR-205-5p is still to be investigated in prostate cancer.
Additionally, zinc finger E-box binding homeobox 1 (ZEB1) belonging to zinc finger transcription factor superfamily was found to be involved in regulating transcription (14) . Many studies have reported the function of ZEB1 in the occurrence of human cancers including osteosarcoma and cervical cancer (15, 16) . Moreover, ZEB1 was upregulated and had a promoting role in prostate cancer (17) , and it was reported that miR-128 modulated cell chemosensitivity and invasion in prostate cancer by regulating ZEB1 expression (18) . However, the regulatory mechanism of miR-205/ZEB1 axis in prostate cancer is still unknown.
Therefore, the purpose of this study was to explore the regulatory mechanism of miR-205-5p/ZEB1 axis in prostate cancer, and the findings might provide original biomarkers to diagnose prostate cancer at early stage. Western blotting. The protein samples were obtained using RIPA buffer. Proteins were separated through 10% SDS-PAGE and then incubated with 5% non-fat milk blocked polyvinylidene fluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA). Next we incubated the membranes overnight at 4˚C with anti-ZEB1 (dilution 1:1,000; rabbit monoclonal; ab203829; Abcam, Cambridge, MA, USA), anti-GAPDH (dilution 1:1,000; mouse monoclonal; Transwell assay. Cell migration was assessed using uncoated Transwell membrane (BD Biosciences, Franklin Lakes, NJ, USA) with a pore size of 8 µm. The lower chamber was filled with complete medium while the upper chamber was filled with serum-free medium containing 1x10 5 prostate cells. These cells were cultured at 37˚C for 48 h and then fixed with methanol. By using cotton swabs, non-migrating cells on the upper membranes were carefully removed. At the same time, the migration cells on the lower membrane were stained by 0.1% crystal violet and photographed under an inverted light microscope (Zeiss, Oberkochen, Germany). The invasion test was carried out according to the method of migration assay except for the pre-coated membrane.
Materials and methods
Statistical analysis. All statistical analysis was conducted using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 6.0 software (GraphPad Software, Inc., La Jolla, CA, USA). Data are presented as mean ± SD. The differences between groups were examined by analysis of variance (ANOVA) with Tukey-Kramer post hoc test and Student's t-tests. Pearson's correlation test was employed to evaluate the association between miR-205-5p and ZEB1 mRNA expression. It was considered significant at P<0.05.
Results

miR-205-5p is downregulated in prostate tissues and cell lines.
Firstly, miR-205-5p expression level was examined in prostate tissues and cell lines using RT-qPCR assay. The results showed that miR-205-5p expression was lower in prostate cancer tissue than the normal prostate tissues (P<0.01, Fig. 1A) . Moreover, the expression levels of miR-205-5p in the DU-145 and LNCaP cells were significantly reduced compared with the normal prostate cells RWPE-1 (P<0.01, Fig. 1B ). All these results indicated that miR-205-5p was downregulated in prostate cancer.
Cell migration and invasion are inhibited by miR-205-5p
overexpression. In order to explore the function of miR-205-5p in human prostate cells, the miR-205-5p mimic or inhibitor was transfected into DU-145 cells, respectively. The RT-qPCR analysis suggested that the expression level of miR-205-5p in DU-145 cells with miR-205-5p mimic was obviously increased while decreased by miR-205-5p inhibitor (P<0.01, Fig. 2A) . Furthermore, the migration and invasion of prostate cancer cells were detected also in our study. The Transwell assay indicated that compared with the control group, miR-205-5p mimic reduced the migrated or invasive cell number to ~25 or 20%, respectively. On the contrary, the migrated or invasive cell number in transfected cells with miR-205-5p inhibitor was 2.25 or 2.2 times that of the control group. The results implied that the migration and invasion of DU-145 cells were significantly inhibited by miR-205-5p overexpression (P<0.01) while markedly promoted by miR-205-5p silence compared with the control group (P<0.01) (Fig. 2B and C) . Therefore, we deduced that miR-205-5p inhibited cell migration and invasion in prostate cancer.
ZEB1 is a direct target gene of miR-205-5p in prostatic carcinoma.
The prediction of TargetScan (http://www.targetscan. org/) is shown in Fig. 3A indicating the binding site of miR-205-5p bound with the 3'-UTR of the ZEB1 mRNA. In order to confirm the above prediction, the ZEB1-wt or ZEB1-mut vector with miR-205-5p mimic was transfected into 293T cells. Then the luciferase activity was detected to confirm the above result. As shown in Fig. 3B , miR-205-5p mimic reduced the luciferase activity of wild-type of ZEB1 by binding with its 3'-UTR (P<0.01) while almost no difference was found in cells co-transfected with ZEB1-mut and miR-205-5p mimic. In order to further confirm the relationship between miR-205-5p and ZEB1, we analyzed the association between miR-205-5p and ZEB1 mRNA expression using Pearson's correlation test, and we found that ZEB1 was negatively correlated with miR-205-5p (P<0.01, Fig. 3C) . Besides, the expression of mRNA and protein of ZEB1 was clearly decreased by the miR-205-5p mimics (P<0.01) while increased by the miR-205-5p inhibitor compared with the control group (P<0.01, Fig. 3D and E) . It indicated that miR-205-5p could inhibit the expression of ZEB1 by targeting its 3'-UTR. In conclusion, these results mainly revealed that ZEB1 was a direct target gene of miR-205-5p in prostatic carcinoma and had negative association with miR-205-5p.
ZEB1 knockdown inhibits cell migration and invasion.
ZEB1 was found to be upregulated in DU-145 and LNCaP cell lines (Fig. 4A) . Then, siRNA-ZEB1 was used to inhibit ZEB1 expression to investigate its effect in prostate cancer cells (Fig. 4B) . The Transwell assay indicated that compared with the control group, siRNA-ZEB1 reduced the migrated or invasive cells number to ~38 or 25%, respectively. It indicated that the cell migration and invasion were remarkably decreased by ZEB1 silence in prostate cancer (Fig. 4C and D) . We inferred that ZEB1 knockdown inhibited cell migration and invasion in prostate cancer.
Cell migration and invasion are affected by dysregulation of miR-205-5p via targeting ZEB1.
In order to further confirm the relationship between the miR-205-5p and ZEB1 in prostate cancer, ZEB1 plasmid and miR-205-5p mimic were transfected into DU-145 cells. Then the expression level of ZEB1 in these transfected cells was examined by RT-qPCR and western blotting assay. Simultaneously, the cell migration and invasion were detected. We found that ZEB1 expression was declined in cells containing miR-205-5p mimic, whereas little change for ZEB1 expression was found in cells with ZEB1 plasmid and miR-205-5p mimic compared with the control group (Fig. 5A) . Moreover, western blotting assay confirmed the above result again (Fig. 5B) . Importantly, ZEB1 remarkably weakened the suppressive effect of miR-205-5p on cell migration and invasion in prostate cancer (Fig. 5C and D) . We considered that ZEB1 could reverse the effect of miR-205-5p in prostate cancer.
Discussion
In the present study, the downregulation of miR-205-5p was identified in the human prostate cancer, and miR-205-5p inhibited cell migration and invasion in prostatic carcinoma by targeting ZEB1. It was demonstrated that miR-205 has a different effect in different human cancers. Some studies demonstrated that miR-205 had a carcinogenic effect in he occurrence of tumors (21, 22) . On the contrary, downregulation of miR-205 was also detected in many cancers acting as a tumor suppressor in previous studies (11, 13, 23) . These results were consistent with our results that miR-205 expression was decreased in prostate cancer. Thus, miR-205 may act as an indicator for the diagnosis of prostate cancer patients.
Moreover, miR-205 was reported to regulate cell proliferation, migration and invasion in all kinds of human cancers (24, 25) . In this research, miR-205-5p overexpression suppressed the migration and invasion of prostate cancer cells. On the contrary, Nie et al demonstrated that miR-205 overexpression promoted the proliferation, migration and invasion in nasopharyngeal carcinoma (26) . These findings suggested that different effects of miR-205 on tumor pathogenesis depend on different human cancers.
Additionally, miR-205 was found to bind to the 3'-UTR of ZEB1 to degrade its mRNA and inhibit the translation of proteins. Increased evidence indicated that ZEB1 was strongly associated with the biological behavior of the tumor, such as migration and invasion, which greatly facilitated the formation and development of tumors (27, 28) . Moreover, many miRNAs have been reported to be involved in ZEB1 regulation. For instance, ZEB1 promoted cell metastasis and invasion in ESCC regulatd by miR-125a/miR-99b/let-7e (29) . miR-429 suppressed ZEB1 expression to regulate the progression and metastasis of osteosarcoma (30) . In current research, miR-205-5p was also found to repress ZEB1 expression, and ZEB1 was found to promote the migration and invasion of prostate cancer cells. Importantly, ZEB1 was also identified to weaken the suppressive effect of miR-205-5p in prostate cancer. Thus, we considered that miR-205-5p inhibited cell migration and invasion in prostatic carcinoma by suppressing ZEB1 expression.
In summary, miR-205-5p downregulation and ZEB1 upregulation was identified in prostate cancer. Moreover, miR-205-5p suppressed cell migration and invasion of prostatic carcinoma through inhibiting ZEB1 expression. All the results suggested that the miR-205-5p/ZEB1 axis has potential to contribute to the treatment of prostate cancer.
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